Abstract. Understanding the mechanisms underlying the response of different plant functional types to current and projected changes in rainfall is particularly important in drought-prone areas like the Mediterranean. Here, we report the responses of two species with contrasting leaf characteristics and post-fire regeneration strategies (Cistus ladanifer L., malacophyllous, seeder; Erica arborea L., sclerophyllous, resprouter) to a manipulative field experiment that simulated a severe drought (45% reduction of historical average rainfall). We measured monthly changes in relative growth rate (RGR), specific leaf area (SLA), bulk leaf carbon isotope composition (d 13 C), predawn water potential (Y pd ), photosynthetic gas exchange, bulk modulus of elasticity and osmotic potential at maximum turgor (p). Temporal (monthly) changes in RGR of C. ladanifer were correlated with all measured leaf traits (except p) and followed Y pd variation. However, the temporal pattern of RGR in E. arborea was largely unrelated to water availability. SLA monthly variation reflected RGR variation reasonably well in C. ladanifer, but not in E. arborea, in which shoot growth and d
Introduction
Water availability is a major limiting factor in Mediterranean ecosystems (Joffre et al. 2007) . Droughts are common in the region (Lana et al. 2006) , differentially affect species depending on their functional type and evolutionary history (Peñuelas et al. 2001; Pasho et al. 2011) , and have multiple effects on ecosystem structure and functioning (Carnicer et al. 2011; Jongen et al. 2011; Miranda et al. 2011; Unger et al. 2012) . Precipitation patterns in the region have been changing, leading to reduced total yearly precipitation concentrated in a smaller number of rainy days but with higher rainfall intensity (Alpert et al. 2002) . This trend is expected to continue under global warming, with total precipitation projected to decrease and to concentrate towards the winter months, thus increasing the summer dry periods and, importantly, affecting water balance and rainfall partitioning (Christensen et al. 2007; García-Ruiz et al. 2011 ). In addition, droughts are projected to become more frequent and intense (Meehl et al. 2007; Giorgi and Lionello 2008) . Therefore, understanding plant responses to drought is critical for deciphering the factors that control extant vegetation and for projecting the impacts of global warming in Mediterranean ecosystems.
Shrublands dominate much of the Mediterranean region, have extended in recent decades and are projected to further expand in many areas, including the southern and central Iberian Peninsula as a result of land-use change, fire, and drought (Vázquez and Moreno 2001; Mouillot et al. 2002; Acácio et al. 2009 ). Several species of Cistus and Erica are among the dominant species in the siliceous, relatively mesic soils of the western Mediterranean.two contrasting functional plant groups, differing in their leaf morphology and regeneration strategy after fire. C. ladanifer has soft leaves (malacophyll) and regenerates after fire entirely from seeds (seeder, sensu Naveh 1975) , whereas E. arborea has hard leaves (sclerophyll) and is capable of regenerating after fire by resprouting (resprouter, sensu; Naveh 1975) . In addition, Cistus species are pioneers, but most Erica species do not usually appear until mid-succesional stages (Santana et al. 2011) . These species are thus good models to understand the mechanisms of response to cope with water limitations in these environments and to anticipate future impact of droughts as a result of climate change.
Plant growth, as measured by relative growth rate (RGR), is the result of trade-offs for allocating the photosynthate among competing demands, including (but not limited to) respiration, nutrient uptake and storage . The allocation of carbon fixed by photosynthesis to growth depends on the level of stress experienced by the plant (Geiger and Servaites 1991; Kozlowski and Pallardy 1997; Haase et al. 1999; Crescente et al. 2002; Niinemets and Lukjanova 2003) . Under water limitation, more carbon is allocated to the synthesis of belowground biomass, increasing the root : shoot ratio (Larcher 2003) . Carbon allocation to morpho-physiological leaf traits can also be affected by water scarcity, leading some plant species to allocate more carbon to the synthesis of a thicker cuticle and structural elements, thereby increasing protection against the loss of water (Castro-Díez et al. 1998; Bacelar et al. 2004) . However, the relationship between drought avoidance and leaf structure depends, at least partly, on stomatal behaviour under water availability (Poorter et al. 2009 ). Some studies have related morpho-physiological leaf traits to water availability (Niinemets 2001; Mitchell et al. 2008 ), but our understanding of these relationships across different environments and for different groups of species is still limited.
Bulk leaf carbon isotope composition (d 13 C) is usually considered an integrative proxy of leaf gas exchange processes, since it reflects the conditions under which carbon was assimilated. This measure has been commonly used in studies comparing Mediterranean seeder and resprouter species (Paula and Pausas 2006; Saura-Mas and Lloret 2010; Werner and Máguas 2010) . Often, these studies collect samples once during the year. Comparisons across species are commonly made without further considering their differences in leaf phenological patterns along the year. Some species have one single leafing period and others have two, and leaf dimorphism can be associated with leafing periods (Pérez Latorre and Cabezudo 2002; Werner and Máguas 2010) . Consequently, depending on when the samples are collected, different species may have leaves that differ in age. Leaves of varying age may have a different carbon isotope composition, and this can compromise data interpretation in cross-species studies if not properly considered.
The goal of this study was to assess the growth response to drought and its relationship with the morpho-physiological leaf traits of two model species belonging to two typical functional plant types of Mediterranean vegetation (Pereira and Chaves 1995) . We measured changes in RGR, morpho-physiological traits (specific leaf area (SLA), gas exchange, d 13 C, bulk modulus of elasticity (e) and osmotic potential at maximum turgor (p)) and predawn water potential (y pd ) during the growing and dry seasons in C. ladanifer and E. arborea under simulated long-term average (58-year average precipitation) and under simulated severe drought. More specifically, we aimed to: (i) understand the functional mechanisms for coping with drought, and (ii) determine the main morpho-physiological leaf traits related with plant growth under such conditions in two shrubs representative of contrasting and widespread functional groups in the Mediterranean. We hypothesised that growth in C. ladanifer and E. arborea should be greater during the wettest part of the growing season. We also hypothesised that C. ladanifer would exhibit a larger photosynthetic capacity (Clemente et al. 2005) , lower water use efficiency (WUE) (Saura-Mas and Lloret 2010) and increased cell wall elasticity, as has often been observed in other malacophylls. However, because seeders are reported to have a shallower root system than resprouters, we also hypothesised that growth in C. ladanifer should be more sensitive to reduced water availability than E. arborea. On the other hand, E. arborea has sclerophyll leaves and higher WUE (Saura-Mas and Lloret 2010) and, because it is thought to have a deeper root system (Gratani and Varone 2004) , we hypothesised it would be less sensitive to drought.
Materials and methods

Study site
The study area is located at the Coto Nacional de los Quintos de Mora (39 25 0 N; 4 04 0 W) in Toledo, Central Spain. Eight plots (6 Â 6 m 2 ) were established on a north-west slope at 900 m above sea level. The climate is Mediterranean, with a mean annual temperature of 14.9 C and mean annual precipitation of 622 mm: 7% during summer, 31% in autumn, 29% in spring and 33% in winter (Parra et al. 2012) . C. ladanifer is a fast-growing (28.8 AE 2.0 mg per day absolute growth rate; Parra et al. 2012) and shallow rooted species (maximum rooting depth is 10 cm; Silva and Rego 2004) . In contrast, E. arborea is considered a slow-growing (2.2 AE 0.2 mg per day absolute growth rate; Parra et al. 2012 ) and deeply-rooted species that is capable of accessing deeper soil water (Gratani and Varone 2004) . Unlike C. ladanifer, E. arborea also has a lignotuber which acts as an important storage organ for nonstructural carbohydrates (Canadell and López-Soria 1998) . Leaf life span in E. arborea is between 11 and 12 months (Gratani and Varone 2004; Gratani and Varone 2006) , but leaf span varies from several months to about 1 year in C. ladanifer owing to its two peaks (autumn and spring) of leaf emergence and its summer deciduousness (JM Moreno, unpubl. data) . Flowering occurs in early and late spring in E. arborea and C. ladanifer respectively, whereas fruit set takes place between April and October (springautumn seasons) in the former, and from May to December (spring-autumn seasons) in C. ladanifer (Luna 1998) .
Drought treatment implementation
Two water manipulation regimes were implemented in eight plots (four plots per treatment) since the beginning of spring in 2009. In the first treatment, 'historical control', we simulated the long-term (58 years) average precipitation (600 mm per year) recorded at the study area Los Cortijos meteorological station). Based on the available long-term climate data, we calculated the average precipitation during the 26 fortnights that occur in a year (26 Â 14 = 364 days). During the experiment, rainfall would be allowed until reaching the specified target for each fortnight, after which rain would be excluded. If natural rain during the fortnight was lower than the target at the end of the period, the plots would be irrigated until reaching the target specified for that period. This was achieved through a set of automatic rainout shelters and an irrigation system, as described by Parra et al. (2012) . Drought in this treatment lasted 2 months (July and August 2009) ( Fig. 1 ).
In the second rainfall regime ('severe drought'), we excluded all precipitation during the study period from April to September 2009. This simulated an extremely dry year, with a 45% reduction in the long-term average precipitation (325 mm per year). In fact, during the 58 years on record, only 2 years had an annual precipitation below 350 mm. This treatment simulated the lengthening of the summer dry period and the concentration of precipitation during the winter season, following precipitation projections for the Mediterranean region under various scenarios of global warming (Christensen et al. 2007 ). Our experiment ended in late September, when all plots were burned for a subsequent experiment ( Fig. 1 ; see Parra et al. (2012) for further details). The shelters exerted a negligible influence on temperature, light and other environmental variables during the experiment, because the plots remained uncovered during nonrainy periods and shading from the shelter macro-structure was minimal (see Parra et al. (2012) for details). Prior to initiating the experiment (31 March 2009), all plots had received equal amounts of rain (187 mm), coincident with the long-term mean rainfall for that part of the year (Fig. 1) .
Morpho-physiological leaf traits
We assessed changes in cell wall elasticity and solute accumulation on a monthly basis by analysing pressure volume (P-V) curves, which plot shoot water potential (Y) against relative water content (RWC). We measured one individual per species in each plot. For C. ladanifer, we labelled six leaf apical buds (one was measured in each sampling month). E. arborea has short grouped leaves so, in this species, we labelled 10-11 leaf groups from six apical shoots (one was measured in each sampling month). Each sampled branch was cut under water and enclosed in a zip bag. In the laboratory, samples were first rehydrated in distilled water, avoiding over-saturation, following Tognetti et al. (2002) , and then bench air-dried for 12 h. We successively measured Y and RWC. Twelve to fourteen times during the drying period (with at least seven points in the linear portion of the P-V isotherm) fresh mass (FM) was measured and Y was assessed immediately afterwards with a pressure chamber (Model 1000, PMS Instrument Co., Albany, OR, USA). Branches were subsequently dried during 48 h at 80 C. RWC was then calculated as:
where SM is the water saturated mass (or the first FM value) and DM is dry mass. Eight P-V curves per species were measured as -1/Y vs RWC. Osmotic potential at maximum turgor (p) and e were estimated based on Tyree and Jarvis (1982) , Schulte and Hinckley (1985) , Turner (1988) and Mitchell et al. (2008) .
Specific leaf area (SLA) was measured in 8 (C. ladanifer) and 15 (E. arborea) leaves from the stems used in the P-V analysis, after which they were scanned and dried (80 C for 2 days). Leaf area was measured from scanned images using ImageJ (ver. 1.41, National Institutes of Health, Bethesda, MD, USA), and SLA (cm 2 g -1
) was calculated as the ratio of measured area to dry biomass. Dried leaves were subsequently ground, using a mill ball, and analysed for bulk leaf carbon isotopic composition (d 13 C) at Universidad Autónoma de Madrid Stable Isotope Facility. d 13 C was estimated as:
where R is the 13 C :
12 C ratio of the leaf sample and the Pee Dee Belemnite (as standard) was determined by a continuous flow isotope ratio mass spectrometry (Europe Scientific Hydra 20/20, Cheshire, UK) with a precision of AE 0.1‰.
Predawn water potential (Y pd ) measurements, which reflect soil water availability across the rhizosphere in the absence of nocturnal transpiration (Waring and Cleary 1967) , were done the night before P-V curves and on the same individuals. Net carbon assimilation (A) and stomatal conductance (g s ) were measured early in the morning (0800 hours solar time) to avoid midday photoinhibition. Gas exchange measurements were performed with a portable leaf photosynthesis and fluorescence system (LI-6400-40, LI-COR Biosciences Inc., Lincoln, NE, USA), which has a circular chamber (1.5 cm diameter) specialised for small leaves that are tightly bunched together. We measured sunlit leaves in the upper canopy, with chamber conditions set to match typical meteorological conditions in the early morning during the growing season: photosynthetically active radiation at 1000 mmol m -2 s -1
, reference CO 2 concentration at 400 ppm, leaf temperature at 25 C, and vapour pressure deficit at 1.5-2.0 kPa. Leaves inside the cuvette were collected immediately after measurement and kept fresh for 1-2 days until leaf area was determined using ImageJ (ver. 1.41, National Institutes of Health). Photosynthetic measurements were then corrected for leaf area following LI-6400-specific software (LI-6400XT 6th version software, LI-COR Biosciences Inc).
Plant growth
RGR measurements (in mg g -1 per day) were calculated from the beginning of the experiment as follows (Harper 1977) :
where B t is the DW of the labelled apical sprouts at month t, and B 0 is the DW of the labelled apical sprouts at the beginning of the experiment (t 0 ).
Statistical analysis
Osmotic and elastic adjustments were calculated as the monthly variation of p and e, respectively (Dp, De):
where X t and X t -1 are the assessed variable values (e or p) at month t and 1 month before, respectively. A correlation analysis (Spearman's rank correlation index) was performed to assess the relationship between RGR, and Y pd , A, g s, De and Dp. Functions among RGR, Y pd , A and g s were fitted using regression analysis (linear and non-linear). A oneway ANOVA with repeated measures in time and rainfall manipulation as treatments and species as factors was used to determine significant temporal differences in Y pd , A, g s , e, p and RGR. All statistical analyses were performed in SPSS ver. 17.0 software for Windows (SPSS, Chicago, IL, USA).
Results
Response of RGR, y pd and leaf traits to drought treatments
RGR was higher in C. ladanifer (from 10.0 to 63.4 mg g -1 per day) than in E. arborea (from -3.5 to 20.0 mg g -1 per day) (Fig. 2a) . Maximum RGR in C. ladanifer was observed in May, and exhibited a sharp decline at the end of June. RGR in E. arborea remained relatively constant throughout the study period. RGR was significantly different among the drought treatments in C. ladanifer but not in E. arborea (Fig. 2a, Table 1 ).
Y pd remained relatively high and constant in both species until May, when a strong decrease in E. arborea (from -0.25 to -8.6 MPa) and in C. ladanifer (from -0.5 to -7.2 MPa; Figs 2b, 3b) occurred. Significant differences in Y pd between drought treatments were observed in August for both species, and in September for E. arborea only (Table 1, Fig. 2b ). However no differences across drought treatments were observed in the morpho-physiological leaf treats (A, g s , e, p, SLA and d 13 C; see Table 1 ).
Interspecific differences in the functional response to drought
Although no differences in SLA, A, g s , d
13 C, p or e were observed across drought treatments, some temporal variation of these traits was still observed, with significant differences across species. E. arborea exhibited a higher SLA (minimum and maximum of 62.4 and 111.0 cm 2 g -1
, respectively) than C. ladanifer (minimum and maximum of 48.8 and 97.1 cm 2 g -1 , respectively; Fig. 3a) throughout the study period. SLA decreased markedly from April to June; after that point, and despite large reductions in the Y pd of both species, SLA changed only slightly, reaching an asymptote at the end of the study period in September (Fig. 3a, b) .
C. ladanifer showed a net carbon assimilation (from -7.1 to 31.2 mmol CO 2 m -2 s -1 ) 2.9 times higher than that of E. arborea (from -2.3 to 9.5 mmol CO 2 m -2 s -1 ) during spring and early summer (April to June) (Fig. 3c) ; it then decreased to reach comparable rates to those of E. arborea from July to September. Moreover, A in C. ladanifer showed a high sensitivity to drought, as it declined from 23.5 AE 1.1 to -3.0 AE 1.1 mmol CO 2 m -2 s CO 2 m -2 s -1 from early spring to early summer (Fig. 3c) ; Fig. 3d ). Stomatal conductance decreased from May to September in both species. C. ladanifer consistently exhibited a significantly higher d 13 C (-26.9 to -24.0‰) than E. arborea (between -28.8 and -25.4‰) (Fig. 3e) . d
13
C showed a decline until June in C. ladanifer, remaining unchanged thereafter. In E. arborea, d 13 C was relatively low and stable until July, but slowly increased during August and September, reducing its difference with C. ladanifer but never reaching comparable values (Fig. 3e) .
E. arborea showed significantly p (lower values indicate higher solute accumulation in the vacuole) than C. ladanifer. p was also more variable throughout the year in E. arborea, which exhibited a sharp decrease during July, unlike C. ladanifer, which remained relatively constant during the whole period (Fig. 3f) . C. ladanifer had significantly higher cell wall elasticity (low values of e) compared with E. arborea (Fig. 3g) . In both species, e dropped markedly from April to June, increasing later (July) to remain higher (low cell wall elasticity) until the end of the experiment. No significant differences between the two species were found in e (data not shown) at the end of the summer (August and September).
Drivers of the temporal variation in growth
RGR was significantly correlated with Y pd , SLA, g s , A and De in C. ladanifer (r = 0.92, 0.75, 0.75, 0.64 and -0.34 respectively; Table 2 ). SLA and A explained 60% of RGR variability (P > 0.01; Fig. 4) . However, while A, g s and Y pd in E. arborea were still closely related to one another, RGR was largely independent of these variables (Table 2, Figs 4, 5a) .
In C. ladanifer, RGR, A and g s showed a hyperbolic relationship with Y pd (r 2 = 0.85 and 0.78, 0.73 respectively; Fig. 5a-c) . By contrast, in E. arborea, RGR was independent of Y pd (r 2 = 0.002, P > 0.1; Fig. 5a ), and hyperbolic functions best described the relationships of A (r 2 = 0.69, P < 0.01) and g s (r 2 = 0.68, P < 0.01) with Y pd (Fig. 5b, c) . The contrasting relationship of A and g s with Y pd in the two species (Fig. 5b, c) , indicate a higher sensitivity to water availability in C. ladanifer than in E. arborea.
Discussion
Increased variation in RGR due to temporal fluctuations in water availability was predicted in C. ladanifer and was confirmed by our results. C. ladanifer exhibited a RGR variation that was strongly associated with Y pd , gas exchange and leaf morphological patterns. This opportunistic behaviour is typical of dryland species (Puigdefábregas 1998) , giving this species a high resilience to changes in rainfall patterns, by allowing it to make use of rainfall pulses that may become more intense, albeit fewer, in a changed climate (Giorgi and Lionello 2008) . However, the temporal shoot growth pattern in E. arborea was unrelated to water availability dynamics. We hypothesise that growth in this species, which increased during the water stress period (Fig. 5a) , is related to starch remobilisation, as was observed in a closely related Erica species (Cruz and Moreno 2001) .
Effects of drought on relative growth rate and its relationship with leaf traits
Monthly RGR was closely associated with variation in SLA in C. ladanifer (Fig. 4a) , as has been observed in other studies (Antúnez et al. 2001; Ruiz-Robleto and Villar 2005; Poorter and Garnier 2007; Poorter et al. 2009 ). The lack of a correlation between monthly RGR and average SLA in E. arborea could be due to shoot vegetative growth, which occurs continually throughout the year in other zones of Iberian Peninsula (Pérez Latorre and Cabezudo 2002) . Consistent with our results, Gratani and Varone (2006) found a high correspondence between SLA and water availability in E. arborea (r = 0.64, P < 0.01; data not shown).
RGR in C. ladanifer was also associated with gas exchange and water availability (A, g s and Y pd ; Table 2 , Figs 4b, 5a), which suggests that photosynthesis in this species responds rapidly to precipitation. Moreover, its opportunistic strategy can allow rapid carbon assimilation after rainfall, leading to increased growth, at least at the temporal scale of this study (months). A and g s were also associated with water availability in E. arborea (Fig. 5b, c) ; however, the sensitivity of these three variables to changes in soil moisture content was relatively less pronounced than in C. ladanifer, as shown by comparing the slope of the relationships of A and g s with Y pd (Fig. 5b, c) . Furthermore, RGR was largely independent of water availability and carbon photosynthetic uptake (Table 2, Figs 4b, 5a) . Indeed, RGR increased between August and September, which were the driest months (between -8.5 and -6 MPa of Y pd ; Fig. 5a ).
This counterintuitive response could be explained, at least partially, by total non-structural carbohydrate (mainly starch) remobilisation. In a closely related species growing in the area (Erica australis L.), it has been shown that during the summer, a reduction in the concentration of starch stored in the shoots runs parallel to a marked increase in the concentration of monosaccharides (Cruz and Moreno 2001) . These monosaccharides could then be subsequently mobilised from shoots to leaf buds, allowing summer growth. The negative or low RGR from April to May (Fig. 2a) in E. arborea is probably related to spring leaf shedding (Pérez Latorre and Cabezudo 2002). Plant growth relies on cell wall elasticity necessary for cell extension (Larcher 2003) . However, we observed important differences in the relationship between RGR and cell wall elasticity between species. Growth in C. ladanifer was highly sensitive to water availability, and De (a decrease in this variable indicates an increase in cell wall elasticity) was negatively correlated with RGR (r = -0.34, P < 0.05; Table 2 ). However, no relationship between these parameters was found in E. arborea. Although we are not aware of any other study reporting this lack of correlation between RGR and e, Tognetti et al. (2002) reported no correlation between e and the degree of leaf sclerophylly in E. arborea (SLA -1 is used as a sclerophylly index by some authors; for example, Witkowski and Lamont (1991) and Groom and Lamont (1999) ).
Temporal pattern of leaf traits response to drought
While C. ladanifer showed higher cell wall elasticity, E. arborea achieved the lowest osmotic potential. This indicates contrasting strategies in these two species to withstand drought as follows: (i) a higher cell turgor maintenance at low relative water content in C. ladanifer, and (ii) a higher vacuole solute accumulation in E. arborea. Solute synthesis and accumulation during osmotic adjustment demands increased energetic investment (Schulze et al. 2005) . This could have resulted in a lack of osmotic adjustments during summer in E. arborea (Fig. 2f ) . We observed a strong negative correlation between e and p variation in E arborea (r = -0.79, P < 0.01; data not shown), indicating a trade-off between osmotic and elastic adjustments. Increases or decreases in e have been interpreted as syndromes of drought avoidance and tolerance, respectively (Jones 1992) . Both species reduced tissue elasticity during summer, observed as an increased e during July and no subsequent significant variation (Fig. 2g) , suggesting turgor maintenance at relatively low water potentials (Nilsen and Orcutt 1996) . These results are incongruent with other studies (Tognetti et al. 2002; Serrano et al. 2005; Mitchell et al. 2008) showing an increase in cell wall elasticity with reduced water availability in Mediterranean semiarid woody species. Galmés et al. (2007) observed that species with high SLA typically have more elastic tissue (low e) and are often fastgrowing species (Poorter and Garnier 2007; Lambers et al. 2008 ). E. arborea showed a slower growth rate and less elastic tissue than C. ladanifer, even with a higher SLA (see Fig. 2a, g ). Furthermore, our results are consistent with Paula and Pausas (2006) , who found that resprouter species exhibited higher SLA than non-resprouter species, and with Werner and Máguas (2010) , who found higher SLA in E. arborea than in Cistus monspeliensis L. These results indicate the necessity for future studies to uncover the morphological components resulting in SLA differences (cuticle, cell wall or parenchyma thickness, among others) and their relationship with resprouter and nonresprouter regeneration strategies.
E. arborea was most affected by our severe experimental drought treatment (Fig. 2b) , showing lower water availability (lower Y pd ) and gas exchange in the summer (Fig. 3b-d) . This is in agreement with results from other Erica species (Filella and Peñuelas 2003) , but is inconsistent with reports that E. arborea exhibits a high capacity to explore deep soil resources (Gratani and Varone 2004 (Dawson et al. 2002) . Under certain conditions, such as constant vapour pressure deficit or infinite mesophyll conductance, among others, d 13 C may reflect a direct relationship with water use efficiency (WUE) (Farquhar and Richards 1984; Resco et al. 2011) . In a comparison between seeders and resprouters, Paula and Pausas (2006) found that d 13 C was lower in resprouters than in seeders, which, combined with other leaf structural characteristics, led them to conclude that seeders exhibited higher leaf WUE and structural drought resistance than resprouters. By contrast, Saura-Mas and Lloret (2010) found that d 13 C was higher in resprouters than in seeders. Our study documents that d
13
C showed a dynamic response reflecting carbon assimilation changes during the spring growing season (April-June). At this time, A and d
C differences between the two species were highest, with a progressive decrease in C. ladanifer and no significant changes in E. arborea (Fig. 3c, e) . In summer, no carbon assimilation was registered and also the d 13 C difference in both species was reduced, owing mainly to increased d 13 C in E. arborea (Fig. 3e) . The enrichment of d 13 C in this last species could be probably caused by nonstructural carbon allocated to aboveground parts during summer, in accordance with our abovementioned hypothesis of carbohydrate mobilisation. In agreement with Werner and Máguas (2010) , the temporal dynamics of d 13 C were controlled by water deficit and plant phenology. Consequently, any generalisations concerning WUE based on d
C must be made with caution when these are based on one single sampling during the year, since these could lead to contradictory conclusions (Paula and Pausas 2006 vs Saura-Mas and Lloret 2010) and may not represent the actual processes undertaken by different species. In turn, we suggest sampling leaves for d 13 C at least twice during the growing season: early and late in the summer, to capture temporal variation in the drought response and to incorporate the new leaves (in species that show summer leaves) and compare their response to the older ones.
Conclusions
Our study suggests that in Mediterranean shrublands, coexisting plants can differ in their responses to drought, and contrasting responses might occur among seeders and resprouters, as exemplified by the two species studied. C. ladanifer, a seeder, was more plastic in its response to water availability than the resprouter E. arborea. RGR and morpho-physiological traits in the former were coupled to patterns of water availability. By contrast, RGR dynamics in E. arborea were largely independent of water availability, and of osmotic or elastic adjustments, showing maximum values in late summer, not in spring. Different leaf traits showed a close relationship with plant RGR and differed between the plant functional types. SLA was highly related to plant growth in the seeder (C. ladanifer) but not in the resprouter (E. arborea). Actually, in this last species, an increment of d
13
C at the end of the summer period was coherent RGR and leaf traits in seeders and resprouters Functional Plant Biologywith an increment in monthly RGR. As has been suggested for other slow-growing species (Hunt and Lloyd 1987) , we hypothesise that growth late in the season occurs at the expense of stored carbohydrates, a hypothesis to be tested in further studies. Our work supports that increased summer drought and droughts in general caused by global warming could significantly and differentially affect the various species that form Mediterranean shrublands.
